Abstract The purpose of this study was to assess the predictive values of central obesity and hyperandrogenemia in development of insulin resistance and dyslipidemia in the polycystic ovarian syndrome (PCOS) patients in our region. Differences of fasting blood glucose level, insulin resistance index HOMA-IR, lipid parameters, waist hip ratio (WHR), body mass index, LH/FSH ratio and testosterone levels between 45 PCOS cases and 35 age matched controls were obtained. Strength of association between different parameters in the case group was assayed by Pearson's correlation analysis. Dependence of insulin resistance and WHR on different predictors was assessed by multiple linear regression assay. Total cholesterol, LDL cholesterol, LH, FSH, LH/FSH ratio, WHR and insulin resistance were significantly higher in the case group (p \ 0.05). Serum testosterone showed strong correlation with insulin resistance and LH/FSH ratio (r = 0.432 and 0.747, p = 0.01 and 0.001 respectively) in the PCOS patients while WHR and serum testosterone level stood out to be most significant predictors for the insulin resistance (b = 0.361 and 0.498; p = 0.048 and 0.049 respectively). Hyperandrogenemia and central obesity were the major factors predicting development of insulin resistance and its related metabolic and cardiovascular complications in our PCOS patients. We suggest early monitoring for androgen level and WHR in these patients for predicting an ensuing insulin resistance and modulating the treatment procedure accordingly to minimise future cardiovascular risks.
by hyperandrogenism with an increase in testosterone and dehydroepiandrosterone sulphate in up to 75 % patients [3] . Neuroendocrine dysfunction with exaggerated LH pulsatility and altered production of adrenal androgen are also reported [4] . Insulin resistance and hyperinsulinemia are closely linked to androgenic abnormalities found in this disease [5] that significantly predispose them to several metabolic and cardiovascular complications. Although, numerous studies have linked PCOS to obesity, type 2 diabetes mellitus (DM), dyslipidemia, hypertension, and heart disease [6] [7] [8] , significant differences existed between them. As much as 64 % of PCOS patients were found to have insulin resistance that could not be predicted by weight alone [9] . Similarly, strong associations of insulin with various circulating androgens and waist hip ratio (WHR) in PCOS have been reported that were found to be independent of body mass index (BMI) [10] [11] [12] [13] .
Hyperinsulinemia consequent to obesity and insulin resistance places women with PCOS at far greater risk for developing type 2 diabetes, and 15-36 % of all type 2 DM reported in women, irrespective of age, is found in association with PCOS [14] . One third of women with PCOS fulfil criteria for the diagnosis of the metabolic syndrome [15] . These associated metabolic derangements greatly increase a woman's lifetime risk to develop type 2 DM and cardiovascular co-morbidities.
However, the link between PCOS and DM is multifaceted [16] and hence, although, measurement of parameters of glucose metabolism, lipid screening, and insulin concentrations have been suggested [17] , no consensus recommendation for the assessment of DM risk factors exists till today. The link between PCOS and hyperinsulinemia is further complicated by the observations that suggest direct relationship between insulin resistance and androgen levels. Studies demonstrated positive correlations between insulin and androgen levels [5, 18] and such correlations existed in both obese and non-obese PCOS women [19] . Although, it is widely accepted that hyperinsulinemia due to insulin resistance causes hyperandrogenism, studies undertaken with reverse aim showed that testosterone administration caused insulin resistance in skeletal muscle of female rats and in adipocytes of women in vitro [20] . On the other hand, the results of some studies suggested that these two conditions might be two separate entities [18] . The absence of significant association between hyperandrogenemia and insulin resistance in some recent studies have further supported this view [21] . Multiple studies throughout the world indicated that several factors including ethnicity might contribute to these different inferences due to genetic polymorphisms [22] [23] [24] stressing on the fact that the association between metabolic and neuroendocrinological abnormalities with PCOS may vary between different population groups in different areas. However, only a few studies are available from the South Asian countries and the Indian subcontinent that provided information regarding the differential relationship between the neuroendocrinological and metabolic profile among PCOS patients in these regions [25, 26] . Keeping these factors in mind, we aimed to analyze the neuroendocrinological abnormalities in the PCOS patients in our population group in eastern part of the country and find out their links with metabolic parameters like insulin resistance and lipid profile, and markers for body fat distribution like BMI and WHR.
Materials and Methods

Study Design and Settings
The present case control study was conducted in the Gynecology and Biochemsitry departments of Burdwan Medical College and Hospital, Burdwan, West Bengal, India. This hospital is the only medical college and hospital in the Burdwan district of eastern India and serves a wide area in this region. The study period was 1 year that spanned the duration from February 2011 to January 2012.
Participants
Fifty two cases aged between 15 and 29 years were selected on convenience basis from the PCOS patients attending the Gynecology department. PCOS was diagnosed by the revised Rotterdam [27] criteria in the presence of at least two of the following: (1) oligomenorrhea and/or anovulation, (2) hyperandrogenism, clinical or biochemical, (3) polycystic ovaries with exclusion of other etiologies [27] . All subjects were previously screened to exclude other causes of hyperandrogenism, thyroid function abnormalities, diabetes mellitus, hyperprolactinemia, hypertension and other cardiovascular diseases. 40 age matched healthy volunteer women with normal menstrual cycle, no clinical or biochemical signs for hyperandrogensim, and ultrasound exclusion of any polycystic ovary were selected as control group. None of them had a history of taking oral contraceptives or any other drug during last 3 months that could affect or alter the lipid profile, insulin level, or carbohydrate metabolism. None of them had any history of any drug addiction including alcohol intake and smoking. None of the case or control subject was suffering from any clinical infection at the time of the study. Total study protocol strictly adhered to the guidelines of Helsinki declaration 1975 as revised in 2000 for human studies. Written consents were obtained from all participants and the study was approved by the properly constituted institutional ethical committee.
Measurement of Parameters
All parameters were assayed from 12 h fasting blood samples obtained from cases and control subjects. Plasma glucose, serum cholesterol along with its LDL and HDL fraction, and serum triglyceride were assayed by standard photometric methods in the autoanalyzer ERBA XL 600 obtained from Transasia. Total cholesterol and triglyceride were measured using enzymatic methods involving cholesterol ester hydrolase, cholesterol oxidase and peroxidase (CHOD-PAP method) and lipase-glycerokinase-oxidase (GPO-POD method) respectively. HDL cholesterol was measured by precipitation technique using the divalent cation Mn 2? and phosphotungstic acid. LDL cholesterol was assessed by using the formula adopted by Friedwald and colleagues [28] . FBG was measured using glucose oxidase peroxidise (GOD-POD) method. Hormonal assays were performed between second and fifth day of the last menstrual cycle. In cases with amenorrhea the cycle was induced by progestinic drugs. Serum LH, FSH and insulin levels were measured with ELISA kit AccuBind from Monobind Inc. USA. These methods has been reported to show high degree of correlation (correlation coefficient 0.975) with reference radioimmunoassay method. No cross reactivity was detected for C peptide in insulin assay. Separated serum were preserved at -20°C until the assay. All assays were done within 1 week of collection in fully automated ELISA reader from TECAN, Austria. Internal quality control for all tests were performed using Lypochek level 1 and 2 control materials obtained from Biorad, USA. Inter and intra-assay coefficient of variation (CV) for all techniques remained within 7.5 % during the test period.
Insulin resistance was assayed by homeostasis model assessment for insulin resistance (HOMA-IR). As a widely validated clinical and epidemiological tool for estimating insulin resistance and b-cell function, HOMA is derived from a mathematical assessment of the balance between hepatic glucose output and insulin secretion from fasting levels of glucose and insulin. HOMA-IR is computed with the formula: fasting plasma glucose (mmol/l) times fasting serum insulin (mU/l) divided by 22.5.
Statistical Analysis
Statistical analysis was performed using SPSS version 16 for Windows. Significance in differences between mean values was assessed from independent t test. Strength of association between two variables was judged by Pearson's correlation analysis, whereas, significance of dependence and predictive values were analyzed by linear regression study. For all statistical calculations p \ 0.05 was considered to be significant at a 95 % confidence level. There was no missing data.
Results and Analysis
Blood samples of seven patients and five control subjects were excluded from the result analysis due insufficient amount or occurrence of hemolysis or lipemia in their serum after separation. Thus, 45 cases and 35 controls were selected as subjects for the final data analysis. Significantly raised values of HOMA-IR, total cholesterol and LDL cholesterol without any such increase in the FBG (Table 1) revealed a state of insulin resistance and dyslipidemia in the PCOS group without any significant change in their glucose tolerance. Increased serum testosterone, LH and FSH values with markedly elevated LH/FSH ratio in the patient group suggested a hyperandrogenemic condition with an upregulated LH secretion that is known as the hall mark of disease. A significantly raised WHR ratio in the case group without any such increase in the BMI indicated that central obesity is more commonly associated with the disease process without a major role of overall body fat distribution.
The Pearson correlation analysis in the Table 2 showed that the strength of association of the insulin resistance marker HOMA-IR was considerably significant with the serum testosterone level and WHR values exclusively. As expected, a significant association also existed between the neuroendocrinological parameter LH/FSH ratio and the serum testosterone level that validated the strong link between the altered neuroendocrinological status and hyperandrogenemia found in the disease.
Most importantly, observations in multiple linear regression analysis in the Table 3 pointed out the major predictors of insulin resistance in the PCOS group. We compared the predictive values of LH/FSH ratio, testosterone level, WHR and BMI for development of insulin resistance in these patients. The neuroendocrinological parameter LH/FSH ratio, and the overall body fat distribution marker BMI did not show any significant predictive value. On the other hand, marker of hyperandrogenemia i.e. the serum testosterone value, and WHR, a central obesity marker stood out as significant predictors of insulin resistance (b = 0.498 and 0.361, p = 0.049 and 0.048 respectively).
Discussion
A significant increase in the HOMA-IR value was observed in our study group without any such elevation in their fasting blood glucose level (p = 0.199, Table 1 ) that complies with the fact that despite the PCOS women have postreceptor insulin abnormalities along with reduced [30] [31] [32] . Testosterone levels in our PCOS patients were significantly higher (p = 0.001, Table 1 ) and showed marked association with the corresponding HOMA-IR values (r = 0.432, p = 0.01, Table 2 ). The relationship between hyperandrogenism and insulin resistance has been found to be significant so far in many human research studies [33, 34] . Studies demonstrated that women with elevated testosterone concentrations had a higher risk of developing type 2 diabetes mellitus [35] . Animal models have also shown that prenatal testosterone exposure can induce insulin resistance in early postnatal life [36] . Apter reported that adolescents with functional ovarian hyperandrogenism exhibit disproportionate, early pubertal increases in mean serum insulin levels [37] and Carbould showed that testosterone administration to female rats caused insulin resistance in the skeletal muscles and the adipocytes of women in vitro [20] . Importantly, results of our study keep in track with above observations by showing a significant dependence of the HOMA-IR values on the serum testosterone levels in the PCOS patients (b = 0.498, p = 0.049), which imply that hyperinsulinemia plays a critical intermediary role in androgen induced follicular abnormalities that are the hallmark of the disease. Effect of exaggerated insulin signalling on ovarian cells is highlighted in some recent studies involving zucker fatty (fa/fa) rats that are wellunderstood models of obesity and hyperinsulinemia. Multiple cyst development and atresia in ovarian follicles due to presence of continuous insulin resistance were found in their ovaries even in presence of lower androgen levels [38] .
Nevertheless, for most of the time androgen levels remain increased in the PCOS patients that associate them with an increased risk of metabolic syndrome [39] along with other neuroendocrinological abnormalities. Centrally, androgen excess may reduce hypothalamic feedback inhibition, resulting in increased GnRH pulsatility, particularly during puberty [40] . GnRH stimulation results in an increase in LH/FSH ratio in women with PCOS and recent studies have revealed that women with PCOS have higher baseline and GnRH-stimulated LH concentrations [41] . In congruency with these views, the LH/FSH ratio showed significant higher values in our cases (p = 0.001, Table 1 ) and showed a strong association with the serum testosterone level in them (r = 0.747, p \ 0.001, Table 2 ). We propose that increased LH/FSH ratio caused a further increase in testosterone level promoting insulin resistance that played a crucial role in development and cysts and follicular atresia in these patients.
Insulin resistance, on the other hand, did not seem to influence the LH/FSH ratio as evident from the insignificant association between them in the correlation studies (r = 0.233, p = 0.233, Table 2 ) as well as an inconsequential predictive value of the LH/FSH ratio on insulin resistance (b = -0.117, p = 0.639, Table 3 ). These are areas of unresolved understanding with regard to PCOS. Although, proposed mechanisms for insulin induced reproductive abnormalities include inappropriate ovarian steroidogenesis, excessive LH secretion and abnormalities in glucose uptake [18] , in effect increased insulin does not appear to govern gonadotropin secretion directly. PCOS women treated with pioglitazone demonstrated improved insulin sensitivity without alterations in LH pulse frequency or amplitude, or gonadotropin responses to GnRH [37] .
From the regression analysis (Table 3 ) it was also clear that serum testosterone level and WHR were the only significant predictors for an increased insulin resistance in our PCOS group. BMI, on the other hand, was not a significant predictor for insulin resistance in them. It was also not found to be significantly higher in the case population, whereas, WHR showed a significantly increased value (p = 0.064 and 0.001 respectively, Table 1 ). Dependence of insulin resistance on WHR in multiple linear regression analysis further suggested that abdominal obesity is a better predictor for insulin resistance than the overall body fat distribution in our PCOS population. Recent studies have revealed that women with PCOS matched for BMI have greater WHR and insulin resistance [13] . Since WHR is more directly related to the visceral adipose tissue that, in turn is associated with an increased production of a large number of functional molecules, it is implicated, at least in part, in both insulin resistance and low-grade inflammation. However, ethnic variations considerably influence the association of BMI and WHR with POCS. It has been found that in the Iranian population, both BMI and WHR are significantly higher in PCOS patients with metabolic syndrome [42] that does not match with our study findings. Thus, ethnicity along with other variables have significantly contributed to incongruent relationships between the BMI and WHR with PCOS from place to place.
In conclusion, the results of our study attempt to throw considerable light on identification of early risk factors and thereby modulating the treatment process in PCOS patients accordingly to achieve maximum therapeutic benefit in our region. Despite the many reasons women seek medical care for PCOS, the greatest long term risk for these women is coronary artery disease (CAD). No single blood test can predict or quantify this CAD risk. Rather, precursor states of insulin resistance likely predict long term CAD risk well before glucose abnormalities that has been corroborated in our study also where we observed a significant increase in insulin resistance without any such alteration in the fasting blood glucose level (Table 1) . Animal models have shown that insulin resistance alone damages myocardial cells [43] , whereas, human data link HOMA-IR to left ventricular dysfunction [44] . As insulin resistance is often the first step in a progression to DM and CAD, an early treatment based on this finding is advocated now for reduction in androgen and insulin levels, prevention of impaired glucose tolerance and DM, a better potential for improved ovulation and prevention of metabolic syndrome in the PCOS patients [45] . In our study WHR in comparison to BMI, was found to be a better predictor for insulin resistance in the PCOS group that indicate the need for adoption of appropriate treatment regimen accordingly. No single drug therapy has been proved to be effective in reducing the insulin resistance and other abnormalities in PCOS patients due to multifaceted derangements. Although, long term metformin therapy (2 years, 1,600 mg per day) in young, obese PCOS women reduced fasting insulin, hyperandrogenism and produced borderline reductions in HOMA-IR (p = 0.05) [46] , it had the least reduction in HOMA-IR (\20 %) when compared to orlistat and pioglitazone over a 4 month treatment course [47] . The pioglitazone is a thiazolinedione that acts as PPAR! agonist and stimulate gene transcription that alters lipid and glucose metabolism, decreases lipolysis and decreases fat deposition [48] . It also decrease fatty acid release, suppress gluconeogenesis and reduce tumor necrosis factor a disruption of insulin activity [49] . Along with a reduction in insulin resistance, these agents also significantly reduce the central obesity in DM, a common trait found in PCOS also [50, 51] . Although, effective in induction of ovulation and regularising the menstruation in PCOS patients [52, 53] , it has its limitations in women seeking pregnancy, where metformin stands out to be a better and safer alternative [52] . Our findings thus may provide significant help in formulating the therapeutic protocol to minimize the neuroendocrinological and metabolic complications during the reproductive period in PCOS women in this region.
However, the present study has some limitations. Although, there is not much ethnic variations among the eastern Indian population, inclusion of a larger number of subjects from different areas of the region could have increased the power of the study. We could not carry out any genetic polymorphic study on these patients which could have linked their anthropometric characteristic to their metabolic abnormalities. Neither did we get any detailed study that could analyse the genetic polymorphism and any pharmacogenetic characteristics in the PCOS patients in this region. Under these contexts of limitations, we propose that the results of our present study are only preliminary and suggestive; and merit verification and validation by larger scale studies involving variant groups of people in bigger areas in future along with comparing their genetic polymorphic characteristics.
